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1
GEAR MODULE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a gear module capable of >

securely coupling a transmission gear and a output gear.
2. Related Background Art

For such related arts, the arts disclosed in Japanese Patent
Application Laid Open No. 60-145551 and No. 8-138299
have been known. For example, as shown 1in FIGS. 7A and
7B, the conventional gear module 20 comprises the gear 21
rotated by a driving force of a driving motor; the lever 22
capable of rotating around a shaft of the gear 21; and the gear
23 which 1s pivotally fitted to the top of the lever 22 to be
engaged with the gear 21. Moreover, the gear module 20
comprises a pair of gears 24 and 25 which are disposed on
both sides of the lever 22, respectively, to be selectively
engaged with the gear 23.

The rotation direction of the gear 23 1s changed in
accordance with which gear of the gears 24 and 25 the gear
23 engages with. Specifically, when the gear 23 engages
with the gear 24, the gear 23 1s allowed to rotate counter-
clockwise (see FIG. 7A). On the other hand, when the gear
23 engages with the gear 24, the gear 23 1s allowed to rotate
clockwise (see FIG. 7B). For this reason, in which direction
the gear 23 may rotate, a force 1s applied 1n the direction
where the gears are engaged strongly, and the gear 23 never
fails to engage with the gears 24 and 25.

However, the conventional gear module 20 has been
forced to reverse the rotation direction of the driving motor
every time when engaging of the gear 23 with the gears 24
and 25 1s switched, resulting 1n complexity of the motor
control circuit for controlling the rotation of the driving
motor. Here, 1f the driving motor 1s allowed to rotate only in
the designated one direction, the structure of the motor
control circuit becomes simple. However, with such struc-
ture of the conventional gear module 20, when the driving
motor 1s rotated, for example, so as to rotate the gear 23
clockwise shown 1n FIG. 7B, a force acts 1n the direction on
contacting of the gears 23 and 24, and accordingly the gears
23 and 24 come off from each other. The gears 23 and 24

come to weakly engage with each other.

Moreover, since the conventional gear module 20
switches the gear by suddenly reversing the rotation of the
gear, a large load 1s applied to each gear, resulting 1n a low
durability (or reliability) of the module 20. Here, when
another actuator 1s provided additionally and the lever 22 1s
swung by the driving force of this actuator, the load applied
on the gear can be reduced. However, according to this
method, the lever 22 must be swung 1n opposition to a
pressing force due to engaging of the gears. Therefore, the
load applied to the actuator i1s excessive.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a gear
module which 1s capable of allowing the gears to be engaged
with each other with a sufficient force even when a driving,
motor 1s rotated only 1n one direction.

Another object of the present mvention 1s to provide a
ogear module which 1s capable of swinging a lever with a
small force, thereby applying no excessive load on an
actuator.

A gear module of the present invention comprises an
output gear pivotally fitted to a base; and a transmission gear
rotated by a driving force from a driving motor to transmit
it to the output gear,
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the gear module further comprises a power actuating lever
having a base end pivotally fitted to the base to be rotated
around the base end; an actuated lever having a top end
pivotally fitted to the transmission lever and a base end
pivotally fitted to the base; and a connection bar connecting
the top end of the power actuating lever and the top end of
the actuated lever, the connection bar allowing the actuated
gear to rotate 1 accordance with the rotation of the power
actuating lever and allowing the transmission gear and the
output gear to be engaged with each other,

wherein the power actuating lever and the connection bar
form approximately a straight line when the transmission
lever 1s engaged with the output gear.

When such construction 1s adopted, the power actuating
lever and the actuated lever moves 1n association with each
other by the connection bar. Therefore, upon rotation of the
power actuating lever, the actuated lever rotates 1n accor-
dance with the rotation of the power actuating lever. When
the actuated lever rotates and the top end thercof moves
toward the output gear, the transmission gear pivotally fitted
to the top end of the actuated lever 1s engaged with the
output gear. At this time, a force may act on the power
actuating lever by the rotation load of the output gear 1n a
direction where the transmission gear comes to separate
from the output gear. However, since the power actuating
lever and the connection bar form approximately a straight
line when the transmission gear 1s engaged with the output
oecar, this force acts onto the straight line formed by the
power actuating lever and the connection bar. Therefore,
since this force does not act 1n the direction where the power
actuating lever 1s rotated, the transmission gear never comes
off from the output gear. As a result, the transmission gear
and the output gear keep their engagement state.

Moreover, 1n the present invention, the power actuating
lever comprises an elastic member which energizes the
power actuating lever 1n a gear releasing direction to sepa-
rate the transmission gear from the output gear; and an
actuator which rotates the power actuating lever in a direc-
tion opposite to the gear releasing direction in opposition to
an energizing force of the elastic member, wherein when
application of a current to the actuator 1s stopped, the power
actuating lever 1s separated from the output gear by the
energ1zing force of the elastic member.

When such constitution 1s adopted, upon application of a
current to the actuator, the power actuating lever rotates in
a direction opposite to the gear releasing direction and the
actuated lever 1n association with the power actuating lever
also rotates. Then, the transmission gear pivotally fitted to
the top end of the actuated lever 1s engaged with the output
ocar, whereby a driving force of the transmission gear 1s
transmitted to the output gear. As a result, the output gear
starts to rotate. Thereafter, when the application of the
current to the actuator 1s stopped, the power actuating lever
rotates 1n the gear releasing direction by the energizing force
of the elastic member, whereby the transmission gear is
separated from the output gear. As a result, the output gear
stops to rotate. As described above, when the application of
the current to the actuator 1s stopped by an occurrence of a
unexpected power failure and the like, the transmission gear
1s automatically separated from the output gear, so that
locking of the output gear is released. Therefore, an occur-
rence of the situation can be avoided, 1n which because of
the lock of the output gear a driving mechanism driven by
the output gear can not move keeping 1ts driving state.

Moreover, 1n the above described present invention, a
second output gear 1s further provided, which 1s pivotally
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fitted to the base and disposed 1n a direction opposite to the
output gear relative to the transmission gear, the second
output gear being engaged with the transmission gear sepa-
rated from the output gear, and the transmission gear 1s
selectively engaged either with the output gear or with the
second output gear 1n accordance with the rotation of the
actuated lever.

When such constitution 1s adopted, the transmission gear
can be selectively engaged either with the output gear or
with the second output gear in accordance with the rotation
of the actuated lever, whereby the two output gears can be
driven by a single driving motor. As a result, the number of
parts can be reduced and a reduction 1n cost can be achieved.

A gear module according to the present invention com-
prises an 1nput gear which rotates by a driving force of a
driving motor; and an output gear which rotates in accor-
dance with the rotation of the mput gear, and

the gear module further comprises a swing lever having a
base end pivotally and concentrically fitted to the 1input
gear, the swing lever rotating around the base end; and
a transmission gear which 1s pivotally fitted to an free
end of the swing lever and engaged normally with the
input gear, the transmission gear being engaged with
the output gear when the free end of the swing lever
rotates toward the output gear and transmitting a rota-
tion force of the mput gear to the output gear,

wherein an action line of the mput gear and the transmis-
sion gear 1s approximately in parallel with that of the
transmission gear and the output gear.

When such constitution 1s adopted, upon rotation of the
free end of the swing lever toward the output gear, the
transmission gear and the output gear are engaged with each
other. Since the input gear and the transmission gear are
normally engaged with each other, the rotation force of the
input gear 1s transmitted to the output gear through the
fransmission gear, and the output gear rotates.

Here, each gear 1s disposed 1n order that the action line of
the mnput gear and the transmission gear 1s approximately in
parallel with that of the transmission gear and the output
ogear. Therefore, a pushing force of the mput gear to the
transmission gear and the pushing force of the output gear to
the transmission gear cancel each other, so that no force to
change the position of the transmission gear 1s exerted. As
a result, by simply applying a small force to the swing lever,
the free end of the swing lever rotates toward the opposite
side to the output gear and the engagement of the transmis-
sion gear with the output gear 1s released.

Moreover, based on a reference line perpendicular to a
center line of the mput gear and the transmission gear,
assuming that an angle of a tangent line of the transmission
ogear and the output gear relative to the reference line be a,
and an angle of a movement direction of a contact point of
the transmission gear and the output gear relative to the
reference line be 3 when the contact point starts to move by
the rotation of the swing lever, the angle [ 1s small than the
angle a.

With adoption of such constitution, when the free end of
the swing lever start to rotate toward an opposite side to the
output gear, the angle {3 of the movement direction of the
contact point of the transmission gear and the output gear
relative to the reference line 1s smaller than the angle o of
the tangent line of the transmission gear and the output gear
relative to the reference line. Therefore, when the transmais-
sion gear starts to move by the rotation of the swing lever,
the transmission gear 1s never interfered by the output gear
and the engagement of the transmission gear with the output
gear 15 smoothly released.
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Moreover, the gear module of the present invention
further comprises an energizing member which energizes
the swing lever 1n a direction so as to separate the free end
of the swing lever from the output gear; and a lever driving
portion which rotates the free end of the swing lever toward
the output gear 1in opposition to the energizing force of the
energlzing member.

With adoption of such constitution, when the lever driving
portion 1s driven, the free end of the swing lever rotates
toward the output gear, and the transmission gear and the
output gear are engaged with each other. Therefore, the
rotation force of the 1nput gear 1s transmitted to the output
ogecar through the transmission gear, and the output gear starts
to rotate. Moreover, when the lever driving portion stops
driving, only the energizing force of the energizing member
1s applied to the free end of the swing lever, and the free end
of the swing lever rotates 1n a direction where the free end
separates from the output gear. For this reason, the engage-
ment of the transmission gear and the output gear 1s released,
and the rotation of the output gear 1s stopped.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not to be considered as limiting the
present 1nvention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
mafter. However, 1t should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the mmvention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled 1n the art from this detailed descrip-
fion.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mnven-
tion and the advantages thereof, reference 1s now made to
the following description taken i1n conjunction with the
accompanying drawings.

FIG. 1 1s a plan view showing one status of a first
embodiment of a gear module according to the present
mvention;

FIG. 2 1s a plan view showing another status of the first
embodiment shown 1n FIG. 1;

FIG. 3 1s a schematic view for explaining how forces are
applied to a power actuating lever, an actuated lever and a
connection bar 1 the first embodiment;

FIG. 4 1s a plan view showing one status of a gear module
of the second embodiment of the present invention;

FIG. 5 1s a plan view showing another status of the gear
module of the second embodiment shown 1n FIG. 4;

FIG. 6 1s a drawing showing a relation between an
arrangement of each gear and action lines in the second
embodiment; and

FIGS. 7A and 7B are plan views showing a conventional
gear module.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of a gear module according to the
present 1mvention will be described with reference to the
accompanying drawings below.

FIGS. 1 and 2 are respectively plan views showing two
status of the gear module 1 of the first embodiment of the
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present 1nvention. As shown 1 FIGS. 1 and 2, the gear
module 1 comprises a rectangular base 2, on which the
driving motor 3 1s disposed. The worm gear 3a 1s fixed to the
rotation shaft of the driving motor 3, and the gear 4
composed of a large diameter gear portion 4a and the small
diameter gear portion 4b 1s pivotally fitted onto the base 2
adjacent to the worm gear 3a. Moreover, the gear 5 com-
posed of the large diameter gear portion Sa and the small
diameter gear portion 3b 1s pivotally fitted onto the base 2
adjacent to the gear 4. Furthermore, the base end 6a of the
actuated lever 6 1s pivotally fitted to the gear shaft Sc of the
ogear 5, and the transmission gear 7 composed of the large
diameter gear portion 7a and the small diameter gear portion
7b 1s pivotally fitted to the top end 6b of the actuated lever
6

The large diameter gear portion 4a of the gear 4 1s
engaged with the worm gear 3a, and the large diameter gear
portion Sa of the gear 5 1s engaged with the small diameter
portion 4b of the gear 4. At the same time, the large diameter
gear portion 7a of the transmission gear 7 1s engaged with
the small diameter gear portion 5b of the gear 5, whereby the
driving force of the driving motor 3 can be transmitted to the
transmission gear 7 while lowering the rotation speed of the
driving motor 3.

Onto the portions on the base 2 interposing the transmis-
sion gear 7, pivotally fitted are the first output gear (output
gear 8) and the second output gear 9. The actuated lever 6
1s rotated around its base end 6a, whereby the transmission
ogear 7 can be selectively engaged either with the first output
ogear 8 or with the second output gear 9.

The base end 10a of the power actuating lever 10 1s
pivotally fitted to the gear shaft 9a of the second output gear
9, and the spring fixing piece 105 extending 1n a lateral
direction 1s provided in the base end 10a of the power
actuating lever 10. The spring fixing piece 2a 1s provided on
the portion of the base 2 extending from the base end 10a of
the power actuating lever 10, and the coil spring (elastic
member) 11 1s fitted between the spring fixing pieces 2a and
10b6. For this reason, the power actuating lever 10 rotates
counterclockwise around the gear shait 9a by an energizing
force produced by the coil spring 11. The actuator 12 1is
provided 1n the base end 104 of the power actuating lever 10.
A voice coil motor constituted by a moving coil 1s used as
the actuator 12. The voice coil motor 1s constituted of an
air-core coil. In the air-core coil, a current flows through the
coil disposed between a upper yoke (not shown) and the
magnet 13 arranged 1n the base 2, so that an electromagnetic
force (F=IxBxL) acts on the coil, which acts on an electric
conductor of an effective length L in a magnetic flux density
B caused by the magnet, and the power actuating lever 10
rotates clockwise around the gear shaft 9a 1n opposition to
the energizing force of the coil spring 11.

The top end 10c of the power actuating lever 10 and the
top end 6b of the actuated lever 6 are connected by the
connection bar 14. Specifically, the connection shaft 15 is
provided 1n the top end 10c of the power actuating lever 10,
and one end of the connection bar 14 1s pivotally fitted to this
connection shaft 15. Moreover, the other end of the connec-
fion bar 14 is pivotally fitted to the gear shaft 7c¢ of the
transmission gear 7, which 1s provided 1n the top end 6b of
the actuated lever 6. A link mechanism having three set pairs
and four shafts and the three set links are a pair of the gear
shaft 53¢ of the mput gear 5 and the gear shaft 7c of the
fransmission gear 7, a pair of the gear shaft 9a of the second
output gear 9 and the connection shaft 15 of the power
actuating lever 10 and a pair of the gear shaft 7c of the
transmission gear 7 and the connection shaft 15 of the power
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actuating lever 10, 1s provided. As a result, the actuated lever
6 rotates in accordance with the rotation of the power
actuating lever 10, so that the transmission gear 7 pivotally
fitted to the top end 6b of the actuated lever 6 swings
between the first output gear 8 and the second output gear 9.

Next, an operation of the gear module 1 will be described.
First, 1n the state where the actuator 12 1s not energized, the
power actuating lever 10 1s applied only with an energizing
force of the coil spring 11. Therefore, as shown in FIG. 1, the
power actuating lever 10 rotates counterclockwise and the
power actuating lever 10 stops 1ts rotation when the base end
10a of the power actuating lever 10 comes to touch the
engaging piece 2b provided on an edge of the base 2. The top
end 6b of the actuated lever 6 1s pulled by the power
actuating lever 10 via the connection bar 14, and the
actuated lever 6 also rotates counterclockwise. Accordingly,
the transmission gear 7 swings toward the second output
ogear 9, and the transmission gear 7 and the second output
oear Y are engaged with each other.

When the driving motor 3 starts its driving 1n this state,
the gear 4 engaged with the worm gear 3a rotates clockwise,
whereby the gear 5 engaged with the gear 4 rotates coun-
terclockwise. Upon rotation of the gear §, the transmission
ocar 7 engaged with the gear 5 rotates clockwise, whereby
the second output gear 9 engaged with the transmission gear
7 rotates counterclockwise. As a result, a second outputting
portion (not shown) connected to the second output gear 9
start 1ts operation by the drive of the second output gear 9.

When the rotation load 1s produced at the second output
oecar 9 by the load at the second outputting portion, the
resultant force F3 of the driving force F1 of the driving
motor 3 and the force F2 due to the load of the second
outputting portion 1s applied to the transmission gear 7. The
driving force F1 1s applied to the transmission gear 7 from
the driving motor 3 via the gears 4 and 5. On the other hand,
the force F2 due to the load of the second outputting portion
1s applied to the transmission gear 7 via the second output
cgear 9. By this resultant force F3, the actuated lever 6 is
energized so as to rotate counterclockwise, whereby the
transmission gear 7 and the second output gear 9 come to be
strongly engaged with each other. Therefore, the transmis-
sion gear 7 never comes ofl from the second output gear 9.

Next, when the actuator 12 i1s energized, the power
actuating lever 10 rotates clockwise 1n opposition to the
energizing force of the coil spring 11, and the power
actuating lever 10 stops its rotation when the connection
shaft 15 of the power actuating lever 10 touches the notched
engaging portion 2¢ provided in the center of the base 2 as
shown 1n FIG. 2. The top end 6b of the actuated lever 6 1s
pushed by the power actuating lever 10 via the connection
bar 14, and the actuated lever 6 also rotates clockwise.
Therefore, the transmission lever 7 swings toward the first
output gear 8. When the transmission gear 7 and the first
output gear 8 arc engaged with each other, the power
actuating lever 10 and the connection bar 14 form approxi-
mately a straight line. When the driving motor 3 starts its
driving 1n this state, the gear 4 engaged with the worm gear
da, the gear 5 and the transmission gear 7 rotate respectively,
whereby the first output gear 8 engaged with the transmis-
sion gear 7 rotates counterclockwise. As a result, a first
outputting portion (not shown) connected to the first output
ocar 8 starts its operation by the driving of the first output
ogcar 8.

Here, 1n the case where the load of the first outputting,
portion produces a rotation load at the first output gear 8, the
resultant force F6 of the driving force F4 of the driving
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motor 3 and the force F5 of the load of the first outputting
portion 1s applied to the transmission gear 7. The driving
force F4 of the driving motor 3 1s applied to the transmission
gear 7 via the gears 4 and 5, and the force F5 of the load of
the first outputting portion 1s applied to the transmission gear
7 via the first output gear 8. By this resultant force F6, the
actuated lever 6 1s energized so as to rotate counterclock-
wise. Therefore, a force acts on the transmission gear 7 1n a
direction (gear disengaging direction) where the transmis-
sion gear 7 comes off from the first output gear 8. However,
as described above, since the power actuating lever 10 and
the connection bar 14 form approximately the straight line,
the connection shaft 15 1s positioned on the straight line
connecting the gear shaft 7c¢ and the gear shaft 9a. For this
reason, the resultant force F6 1s applied to the connection
shaft 15 in a direction (a direction of the gear shaft 9a) where
the power actuating lever 10 extends, so that the power
actuating lever 10 never rotates by the resultant force F6.
Therefore, the transmission gear 7 and the first output gear
8 arc kept 1n their engagement state.

Next, the description on how to apply the force to the
power actuating lever 10, the actuated lever 6 and the
connection bar 14 will be described 1n detail. As shown 1n
FIG. 3, assuming that the interval between the gear shaft 7¢
and the connection shaft 15, which 1s a length 1n a direction
to which the power actuating lever 10 extends, be LA, and
the torque applied to the power actuating lever 10 be TA, the
force FA 1n the rotation direction on the connection shaft 15
is given by the equation (1).

FA=TA/LA (1)

Assuming that the angle formed by an axis (line connect-
ing a center of the gear shatt 9a with a center the connection
shaft 15) of the power actuating lever 10 and the line LB is®
and the angle formed by the line connecting the center of the
connection shaft 15 with a center of the gear shaft 7c and the
line LD 1s 1, the force FL of the power actuating lever 10
to push the connection bar 14 1s given by the equation (2).

(2)

Moreover, assuming that an angle formed by a link axis
of the connection bar 14 (a line connecting a center of the
gear shaft 7c with a center of the connection shaft 15) and
a link axis of the actuated lever 6 (a line connecting a center
axis of the gear shaft Sc with the center axis of the gear shaft
7¢) is 9, a force FC with which the actuated lever 6 is rotated
toward the first output gear 8 is given by the equation (3).

(3)

Therefore, from the equations (1) to (3), the force FC can be
obtained as follows.

FL=FA/sin(©®+)

FC=FL-sin(2n-0)=FL-sin 0

FC=(TA-sin 0)/(LA-sin(®+))

Accordingly, when the three rotation shafts, that 1s, the
link axises of the gear shafts 7c¢ and 9a and connection shaft
15, are substantially on the straight line, ®@=ap=0 1s satisfied,
and the force FC 1s very large. For this reason, the resultant
force F6 acting on the transmission gear 7 in the direction of
the gear re.

case, which 1s produced by the rotation load of
the first output gear, 1s cancelled by the force FC acting in
the reverse direction to the gear release direction. As a resullt,
the engagement state of the transmission gear 7 with the first
output gear 8 can be kept only by the force of the actuator
12.
It should be noted that the position of the center of the
connection shaft 15 may be shifted slightly with respect to
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the straight line connecting the centers of the gear shafts 7¢
and 9a toward the gear shaft 5¢ side. Also 1n this case, since
the rotation of the connection shaft 15 1s fixed to the notch
engagement portion 2¢ while touching the notch engage-
ment portion 2c¢, the transmission gear 7 1s never pushed
back, whereby the engagement state of the transmission gear
7 with the first output gear 8 1s never released.

Next, an example of application of the gear module 1 to
a flexible disk drive will be described. In this example, a
loading operation for the disk is carried out by utilizing the
driving force of the second output gear 9 of the gear module
1. A releasing operation for the head protection member 1s
carried out by utilizing the driving force of the first output
ocar 8 of the gear module 1. Here, the head protection
member serves to allow a head to shunt from a disk, so that
the head does not touch the disk. Moreover, the releasing
operation for the head protection member 1s the one 1n which
the head protection member 1s moved so as to release the
shunt of the head and make the head freely movable.

Concretely, when a disk cartridge 1s first inserted to a
driving apparatus, the disk 1s absorbed to the spindle motor
by the well known chucking mechanism and an 1njection
spring 1s charged. Subsequently, the driving motor 3 1is
driven 1n the state where the actuator 12 1s not energized, and
the second output gear 9 1s rotated via the worm gear 34, the
ocar 4, the gear 5 and the transmission gear 7. By this
rotation of the second output gear 9, an ejection member 1s
set to a predetermined position 1n the state where the
injection spring 1s charged.

Thereafter, when the actuator 12 1s energized, the power
actuating lever 10 rotates clockwise around the gear shaft 9a
in opposition to the coil spring 11, and the transmission gear
7 and the first output gear 8 are engaged with each other,
whereby the engagement of them changes to the state of
FIG. 2. In this state shown 1n FIG. 2, the driving motor 3 1s
driven and the first output gear 8 1s rotated, whereby the head
protection member moves to release the shunt of the head.
Thereafter, since the engagement state of the transmission
ogear 7 and the first output gear 8 1s kept 1n spite of stopping
application of the current to the driving motor 3, the head
protection member remains 1n the state where 1t comes off
from the head and the head keeps the state where 1t may be
able to contact the disk. Thus, the head comes to be movable,
and data 1s enabled to be read out from the disk and written
thereto.

Next, when supplying of the current to the actuator 12 1s
stopped, a VCM and the power actuating lever 10 rotate
counterclockwise by a restoring force of the coil spring 11,
so that the transmission gear7 comes off from the first output
oecar 8. Therefore, the head protection member returns to the
original position quickly, thereby shunting the head from the
disk. Then, when the output gear 9 connected to the driving
motor 3 rotates by a specified quantity by the motor 3, the
disk comes to separate from the spindle motor and, at the
same time, the disk is ejected to the outside by the restoring
force of the ejection spring.

If the supplying of the current to the actuator 12 1s
stopped, the transmission gear 7 1s separated from the first
output gear 8 by the energizing force of the coil spring 11,
thereby making the first output gear 8 free. Therefore, the
head protection member restores to the original position and
the head 1s shunted from the disk. As described above, since
the head protection member first permits the head to shunt
from the disk though the power source 1s suddenly cut off by
a stoppage of electric power during accessing to the disk, it
can be prevented the disk from being damaged.

The gear module of this embodiment 1s constructed as
described above, so that the following effects can be

achieved.
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Specifically, i the case where the transmission 1s engaged
with the output gear, the power actuating lever and the
connection bar form approximately the straight line, the
force exerted by the rotation load of the output gear is
applied onto the straight line formed by the power actuating
lever and the connection bar. Therefore, since this force does
not act in the direction to rotate the power actuating lever,
the transmission lever never comes off from the outputting
lever. As a result, the transmission gear and the output gear
keep the state where they are engaged with each other.
Second Embodiment

FIGS. 4 and 5 are respectively plan views showing two
status 1n the gear module 101 of a second embodiment
according to the present invention. As shown 1n FIGS. 4 and
5, the gear module 101 comprises a rectangular base 102, on
which the driving motor 103 1s arranged. The worm gear
1034 1s fixed to the rotation shaft of the driving motor 103,
and the gear 104 composed of the large diameter gear
portion 1044 and the small diameter gear portion 104b 1s
pivotally fitted onto the portion of the base 102 adjacent to
the worm gear 103a. The 1nput gear 1s pivotally fitted to the
portion of the base adjacent to the gear 104. Moreover, the
base end 106a of the actuated lever (swing lever) 106 is
pivotally fitted to the gear shaft 1054 of the input gear 105,
and the transmission gear 107 composed of the large diam-
cter gear portion 1074 and the small diameter gear portion
107b 1s pivotally fitted to the free end 1065 of the actuated
lever 106.

The large diameter gear portion 104a of the gear 104 1s
engaged with the worm gear 1034, and the mput gear 105 1s
engaged with the small diameter gear portion 104bH of the
cgear 104. Moreover, the larger diameter gear portion 1074 of
the transmission gear 107 1s engaged with the input gear
105, whereby the driving force of the driving motor 103 can
be transmitted to the transmission gear 7, while reducing the
rotation speed of the driving motor 103.

The first output gear (output gear 108) composed of the
large diameter gear portion 1084 and the small diameter gear
portion 108b, and the second output gear 109 are pivotally
fitted onto the base interposing the transmission gear 107.
By swinging the actuated lever 106 around its base end
1064, cither the large diameter gear portion 1084 of the first
output gear 108 or the second output gear 109 can be
selectively engaged with the transmission gear 107.

The gear 110 with which the small diameter gear portion
1085 of the first output gear 108 1s engaged 1s pivotally fitted
onto the portion of the base 102 adjacent to the first output
ogear 108. Moreover, the base end 111a of the power actu-
ating lever 111 1s pivotally fitted to the gear shaft 1094 of the
second output gear 109, and the spring fixing piece 1115
extending toward the side of the power actuating lever 111
1s provided 1n the base end 111a thereof. The spring fixing
piece 102a 1s provided on the portion of the base 102
extended from the base end 111a of the power actuating
lever 111, and the coil spring (energizing member) 112 is
fitted between the spring fixing pieces 1024 and 1115b.
Theretore, the energizing force of the coil spring 112 allows
the power actuating lever 111 to swing counterclockwise
around the gear shaft 1094. The actuator (lever driving
portion) 113 is provided in the base end 111a of the power
actuating lever 111. A voice coil motor composed of a
moving coll 1s used for the actuator 113. The voice coil
motor 1s composed of an air-core coil. In the air-core coil, a
current flows through the coil disposed between a upper
yoke (not shown) and the magnet 114 arranged in the base
102, so that an electromagnetic force (F=IxBxL) acts on the
coll, which acts on an electric conductor of an effective

10

15

20

25

30

35

40

45

50

55

60

65

10

length L 1n a magnetic flux density B caused by the magnet
114, and the power actuating lever 111 rotates clockwise
around the gear shaft 1094 in opposition to the energizing
force of the coil spring 112.

The top end 111c of the power actuating lever 111 and the
free end 106b of the actuated lever 106 are connected by the
connection bar 115. Specifically, the connection shait 116 1s
provided 1n the top end 11lc of the power actuating lever
111, and one end of the connection bar 115 1s pivotally fitted
to this connection shaft 116. Moreover, the other end of the
connection bar 115 1s pivotally fitted to the gear shaft 107c¢
of the transmission gear 107, which 1s provided in the free
end 1065 of the actuated lever 106. A link mechanism
having three set links and four shafts and the three set links
are a pair of the gear shatt 105¢ of the mnput gear 105 and the
ogear shaft 107¢ of the transmission gear 107, a pair of the
cgear shaft 109a of the second output gear 109 and the
connection shaft 115 of the power actuating lever 110 and a
pair of the gear shaft 107¢ of the transmission gear 107 and
the connection shaft 115 of the power actuating lever 110, 1s
provided. As a result, the actuated lever 106 swings in
accordance with the swing of the power actuating lever 111,
so that the transmission gear 107 pivotally fitted to the free
end 106b of the actuated lever 106 1s selectively engaged
cither with the first output gear 108 or with the second output
ocar 109.

Operation

Next, an operation of the gear module 101 will be
described. First, in the state where the actuator 113 1s not
energized, an energized force of the coil spring 112 1s alone
applied to the power actuating lever 111. Therefore, the
power actuating lever 111 rotates counterclockwise and the
power actuating lever 111 stops its rotation when the base
end 1114 of the power actuating lever 111 comes to touch the
engaging piece 1025 provided on an edge of the base 102,
as shown 1 FIG. 4. The free end 106b of the actuated lever
106 1s pulled by the power actuating lever 111 wvia the
connection bar 115, whereby the actuated lever 106 also
swings counterclockwise. Accordingly, the transmission
ogear 107 moves toward the second output gear 109, and the
transmission gear 107 and the second output gear 109 are
engaged with each other.

When the driving motor 103 1s driven in the positive
direction 1n this state, the gear 104 engaged with the worm
oear 103a rotates clockwise, whereby the gear 105 engaged
with the gear 104 rotates counterclockwise. Upon rotation of
the gear 105, the transmission gear 107 engaged with the
gear 103 rotates clockwise, and the second output gear 109
engaged with the transmission gear 107 rotates counter-
clockwise. As a result, a second outputting portion (not
shown) connected to the second output gear 109 starts its
operation by the drive of the second output gear 109. Then,
the operation of the second outputting portion is stopped by
turning on a switch (not shown). Alternately, it is stopped by
stopping the driving motor 3 after passage of time on
sequence. Here, since the clockwise rotation force of the
transmission gear 7 exerted by the rotation thereof acts so as
to allow the transmission gear 107 to strongly engage with
the second output gear 109, the second output gear 109 can
stably be rotated counterclockwise.

Next, when the actuator 113 i1s energized, the power
actuating lever 111 swings clockwise 1n opposition to the
energizing force of the coil spring 112, and the power
actuating lever 111 stops 1ts swing when the connection shaft
116 of the power actuating lever 111 touches the notched
engaging portion 102¢ provided 1n the center of the base 102

as shown 1n FIG. 5. The free end 106b of the actuated lever
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106 1s pushed by the power actuating lever 111 via the
connection bar 115, whereby the actuated lever 106 also
rotates clockwise. Therefore, the transmission lever 107
moves toward the first output gear 108 and the transmission
ogear 107 and the first output gear 108 are engaged with each
other. When the transmission gear 107 and the first output
ogear 108 are engaged with each other, the power actuating
lever 111 and the connection bar 115 form approximately a
straight line. In this state, when the driving motor 103 starts
its driving in opposite direction, the gears 104 engaged with
the worm gear 1034, the gear 105 and the transmission gear
107 rotate, whereby the first output gear 108 engaged with
the transmission gear 107 rotates counterclockwise. As a
result, a first outputting portion (not shown) connected to the
first output gear 108 via the gear 110 starts 1ts operation by
the drive of the first output gear 108.

Here, there 1s a fear that the engagement of the transmis-
sion gear 107 with the first output gear 108 may be released
because of a poor precision or vibrations, shocks and the like
added from the outside. However, as described above, the
link axises of the power actuating lever 111 and the con-
nection bar 115 form approximately the straight line, as a
result, a center of the connection shaft 116 1s positioned on
the straight line which connects the gear shaft 107¢ and the
ogear shaft 109a. Therefore, the resultant force of the driving
force of the driving motor 103 and the force due to the load
of the first outputting portion 1s applied to the connection
shaft in a direction (direction of the gear shaft) to which the
power actuating lever 111 extends, whereby the power
actuating lever 111 never rotates. The driving force of the
driving motor 1s applied to the connection shaft from the
driving motor 103 via the gears 104 and 105. On the other
hand, the force due to the load of the first outputting portion
1s applied to the connection shaft via the first output gear
108. Therefore, the transmission gear 107 and the first output
ogear 108 keeps their engagement state.

Next, when the actuator 113 1s turned off, only the
energizing force of the coil spring 112 1s applied to the
power actuating lever 111, and the power actuating lever 111
rotates counterclockwise. The actuated lever 106 also starts
its rotation in accordance with the rotation of the power
actuating lever 111. As shown 1n FIG. 6, 1n the state where
the actuated lever 106 and the first output gear 108 are
engaged with each other, the pushing force 117 exerted by
the engagement with the mput gear 105, as well as the
pushing force 118 exerted by the engagement with the first
output gear 108, 1s applied to the transmission gear 107 fitted
pivotally to the actuated lever 106. Then, the magnitudes of
the pushing forces 117 and 118 are equal to each other.
Angles of the forces 117 and 118 1s equal to an angle of the
action line 119 of the mnput gear 105 and the transmission
ogear 107 and an angle of the action line 120 of the trans-
mission gear 107 and the first output gear 108, respectively.
Theretore, 1f the action lines 119 and 120 are approximately
parallel, the two pushing forces 117 and 118 act so as to
cancel each other, so that a force to allow the transmission
ogear 107 to change 1ts position never occurs.

Consequently, 1n the second embodiment, the arrange-
ments of the gears 105, 107 and 108 are adjusted in order
that the action lines 119 and 120 are approximately parallel.
That 1s, when the 1nput gear 105 has the number of teeth ZA
of 19, the addendum modification coeflicient XA of +0.3,
and a pressure angle yA of 20°, the large diameter gear
portion 1074 of the transmission gear 107 has the number of
teeth ZB of 28, the addendum modification coefficient XB of
+0.75, and the pressure angle yB of 20°, and the large
diameter gear portion 108a of the first output gear 108 has
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the number of teeth ZB of 18, the addendum modification
coefficient XB of +0.9, and the pressure angle yB of 20°,
respectively, the engagement pressure angle yAB of the
input gear 105 with the transmission gear 107 1s 26.4° and
the engagement pressure angle YBC of the transmission gear
107 with the first output gear 108 is 28.9°. Here, assuming
that an angle of the center line between the centers of the
input gear 105 and the transmission gear 107 to that between
the centers of the transmission gear 107 and the first output
ocar 108 1s W, when the following equations are satisfied,
the action line 119 of the mput gear 105 and the transmission
ocar 107 1s approximately parallel with the action line 120
of the transmission gear 107 and the output gear 108.

W+(90°-yAB)+(90°-yBC)=180°
W=yAB+yBC=26.4°+28.9°=55.3°

Moreover, 1n order to release the engagement of the
transmission gear 107 with the first output gear 108 by
rotating the actuated lever 106 counterclockwise, the trans-
mission gear must be permitted to shunt from the first output
cgear 108 without being interfered by the first output gear
108. The transmission gear 107 1s rotated by the rotation
force of the mput gear 105. At this time, the quantity of
rotation dC of the transmission gear 107 is given by the
following equation.

d2=(ZA/ZB+1)-do

where d0O 1s a very small rotation angle of the actuated lever
106. Therefore, the angle [ of the movement direction of the
contact point of the transmission gear 107 and the output
gear 108 relative to the reference line 122 (the straight line
which 1s perpendicular to the line between the centers of the
mput gear 105 and the transmission gear 107 and passes
through the gear shaft 1054 of the input gear 105) is given
by the following equation.

P=tan-1(sin W/(cos W-1))

If the angle 3 1s smaller than the angle of the tangent line 123
relative to the reference line 122, the tangent line 123 being
the one of the transmission gear 107 with the first output
ogear 108, the transmission gear 107 never interferes with the
first output gear 108.

In this embodiment, each of the gears 105, 107 and 108
1s arranged such that the angle p 1s smaller than the angle o
(0=63.6° and =62.35°), thereby smoothly releasing the
engagement of the transmission gear 107 with the {first
output gear 108.

Next, an example of application of the gear module 101
to a flexible disk drive will be described. In this example, a
loading operation for the disk is carried out by utilizing the
driving force of the second output gear 109 of the gear
module 101. A releasing operation for the head protection
member 15 carried out by utilizing the driving force of the
first output gear 108 of the gear module 108. Here, the head
protection member serves to allow a head to shunt from a
disk, so that the head does not touch the disk. Moreover, the
releasing operation for the head protection member 1s the
one 1n which the head protection member 1s moved so as to
release the shunt of the head and make the head freely
movable.

Concretely, when a disk cartridge 1s first inserted to a
driving apparatus, the disk 1s absorbed to the spindle motor
by the well known chucking mechanism and an ejection
spring 1s charged. In this state, since the actuator 113 1s not
energized, the transmission gear 107 and the second output
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ogear 109 are engaged with each other as shown 1 FIG. 4.
Subsequently, the driving motor 103 1s driven in the positive
direction, and the second output gear 109 1s rotated via the
worm gear 103a, the gear 104, the gear 105 and the
transmission gear 107. By this rotation of the second output
gear 109, an ejection member 1s set to a predetermined
position 1n the state where the ejection spring i1s charged.

Thereafter, when the actuator 113 is energized, the power
actuating lever 111 rotates clockwise around the gear shaft
1094 1n opposition to the coil spring 112, and the transmis-
sion gear 107 and the first output gear 108 are engaged with
cach other, whereby the engagement of them changes to the
state of FIG. 5. In this state shown 1n FIG. §, the driving
motor 103 1s driven 1n the reverse direction and the first
output gear 108 1s rotated, whereby the head protection
member moves to release the shunt of the head. Thereafter,
since the engagement state of the transmission gear 107 and
the first output gear 108 1s kept 1n spite of stopping appli-
cation of the current to the driving motor 103, the head
protection member remains in the state where it comes off
from the head and the head keeps the state where 1t 1s able
to contact the disk. Thus, the head comes to be movable, and
data 1s enabled to be read out from the disk and written
thereto.

Next, when supplying of the current to the actuator 113 1s
stopped, a VCM and the power actuating lever 111 rotate
counterclockwise by a restoring force of the coil spring 112,
so that the transmission gear 107 comes oif from the first
output gear 108. At this time, since the pushing force 117 of
the mput gear 105 applied to the transmission gear 107
cancels the pushing force 118 of the first output gear 108
applied thereto, no force to change the position of the
transmission gear 107 acts on the gear 107. Therefore, the
head protection member returns to the original position
quickly, thereby shunting the head from the disk. Then,
when the second output gear 109 connected to the driving,
motor 103 rotates by a specified quantity by the motor 103,
the disk comes to separate from the spindle motor and, at the
same time, the disk is ejected to the outside by the restoring
force of the ejection spring.

If the supplying of the current to the actuator 113 1s
stopped, the transmission gear 107 1s separated from the first
output gear 108 by the energizing force of the coil spring
112, thereby making the first output gear 108 f{free.
Therefore, the head protection member returns to the origi-
nal position quickly, thereby shunting the head from the
disk. As described above, since the head protection member
first permits the head to shunt from the disk 1n spite of the
power source being suddenly cut off by a stoppage of
electric power and the like during accessing to the disk, it
can be prevented the disk from being damaged.

The gear module of the second embodiment of the present
mvention 1s constructed as described above, so that the
following effects can be achieved.

Since the gears are arranged so that the action line of the
input gear and the transmission gear 1s approximately 1n
parallel with that of the transmission gear and the output
gear, the pushing force applied to the transmission gear by
the input gear and the pushing force applied to the trans-
mission gear by the output gear cancel each other. Therefore,
a force to change the position of the transmission gear does
not occur therein, so that the free end of the swing lever
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rotates 1n the direction opposite to the output gear stmply by
applying a small force to the swing lever. As a result, the
engagement of the transmission gear and the output gear 1s
smoothly released and an excessive load 1s never applied to
the actuator for rotating the swing lever.

From the invention thus described, it will be obvious that
the invention may be varied 1n many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled 1n the art are intended for inclusion
within the scope of the following claims.

What 1s claimed 1s:

1. A gear module comprising:

an outputting gear pivotally fitted to a base;

a transmission gear rotated by a driving force from a
driving motor to transmit the driving force to the
outputting gear,

a power actuating lever having a first rotational center
pivotally fitted to said base to be rotated around the first
rotational center and a second rotational center;

an actuated lever having a third rotational center pivotally
fitted to said transmission gear and a fourth rotational

center pivotally fitted to said base; and

a connection bar rotatably connected around said second
rotational center of said power actuating lever and said
third rotational center of said actuated lever, said con-
nection bar allowing said actuated lever to rotate 1n
accordance with a rotation of said power actuating
lever and allowing said transmission gear and said
outputting gear to be engaged with each other,

wherein said first, second and third rotational centers are
substantially on a straight line when said transmission
gear 1S engaged with said outputting gear.
2. The gear module according to claim 1, wherein said
power actuating lever comprises:

an elastic member which energizes said power actuating
lever 1n a gear releasing direction to separate said
transmission gear from said outputting gear; and

an actuator which rotates said power actuating lever 1n a
direction opposite to the gear releasing direction 1n
opposition to an energizing force of said elastic
member,

wherein when application of a current to the actuator 1s
stopped, said power actuating lever 1s rotated by the
energizing force of said elastic member 1n said gear
releasing direction, thereby separating said transmis-
sion gear from said outputting gear.
3. The gear module according to claim 1, wherein said
gear module comprises:

a second outputting gear which 1s pivotally fitted to said
base and disposed 1n a direction opposite to said
outputting gear with respect to said transmission gear,
said second outputting gear being engaged with said
transmission gear separated from said outputting gear,

wheremn said transmission gear 1s selectively engaged
with either one of said outputting gear and with said
second outputting gear 1n accordance with a rotation of
said actuated lever.
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